INTRODUCTION
Low levels of plant available P, alone or in combination with K, are limiting factor of soil fertility, mainly present on the hydromorphic and clay soils, in Croatia. Adequate fertilization is possible solution for increase yields of field crops under these conditions (KOMLJENOVIĆ et al., 2015) . However, alleviation of nutritional stress is possible by the other management practices, for example selection of more tolerant genotypes by correspondingly plant breeding strategies (NAWAZ, 2006; RENGEL and DAMON, 2008; TAYYAR and GUL, 2008; JELIĆ et al., 2009; KOVAČEVIĆ et al., 2011; REZAEI and RAZZAGHI, 2015; ANDRIĆ et al., 2016) . The lower tolerance to environmental stress is possible to expect in seed production of open-pollinated plants like maize is. The parental pairs of maize in seed-production are mainly inbred lines which are degenerated in some properties (height, root developments, etc.) including less tolerance to abiotic stress as affected by the long-term autogamy (TROYER, 2009; RIOS, 2015) . In general, genetic potential of maize and other field crops is inadequate efficient because of different ecological constraints (KRESOVIĆ et al., 2011; DIMITRIJEVIĆ et al., 2012; VIDENOVIĆ et al., 2013) .
Aim of this study was testing phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) status of nine female parental lines of maize used in commercial seedproduction of maize hybrids in Croatia.
MATERIALS AND METHODS

The field experiment
A field trial was set up on moderate acid soil in Eastern Croatia (45°47' N and 18°23' E) in 2006 and 2007 growing seasons. Total nine maize lines, usually used as female parents of maize hybrids (B1=♀2-48; B2=♀1767/99; B3=♀ 87-24; B4=♀135-88, B5=♀84-28; B6=♀84-44; B7=♀438-95; B8=♀30-8; B9=♀B-73) were grown under field conditions.
Total of 36 rows of tested lines was sown at beginning of May in both years by pneumatic sowing machine (distance in row 19.5 cm and inter-row spacing 70 cm = theoretical plant density 73,259 plants ha -1 ). Distribution of female lines was by order from B1 to B9 from the central line of trial toward left (2 rows each parent) and right (2 rows each parent) margins. Weather conditions present during two maize growing seasons were shown in detail by the earlier study (ANDRIĆ et al., 2012) .
Sampling, chemical and statistical analysis
Soil sampling (depth 0-30 cm) was made in October of 2006 after maize harvesting. Plant available P, K, Ca and Mg in soil were extracted by NH4-Acetate + EDTA (pH 4.6) solution. Soil pH was determined electrometrically and organic matter according to sulfochromic oxidation.
The ear-leaf at flowering (middle of July 2006 and 2007: twenty leaves in the mean sample) and grain at maturity (five cobs in the mean sample) were taken from each sub-plot for chemical analysis. The total amounts of P, K, Ca, Mg in maize leaves and grain were determined using ICP-OES spectrometer (Jobin-Yvon Ultrace 238) after their microwave digestion by conc. HNO3+H2O2.
Data were statistically analyzed by ANOVA as two-factorial trial (the factor A = year; the factor B = genotype). Treatment means were compared using t-test and LSD at 0.05 and 0.01 probability levels while correlation analysis (Pearson correlation coefficients) was done by Minitab Statistical Software (MINITAB Inc., 2007) .
The soil and weather characteristics
Moderate acid reaction and adequate supplies of plant available phosphorus, potassium, calcium and magnesium were main chemical characteristics of the soil during experiment (Table  1) . , for 2007 and 2006, respectively) . Similar trends were found in grain-P and grain-Mg status (3.14 g P kg -1 and 2.87 g P kg ). In our study differences among the genotypes were from 2.69 to 3.95 and from 2.70 to 3.57 (g P kg ), from 1.35 to 3.09 and from 0.84 to 1.36 (g Mg kg -1 ), for leaves and grain, respectively. B1 genotype had the highest Ca and Mg content, B2 had the highest P content, B4 had the lowest Ca, Mg and P content, B6 had the highest K content and B7 had the lowest K content. Grain composition was mainly in accordance with trend of leaf composition.
In our study average grain yield (2-year means) were 2.89 t ha -1 (Table 3) : non-significant difference in the level P≤0.05), while remaining four genotypes (B3, B5, B6 and B7) had considerably the higher yields (average 3.40 t ha -1 ). These yield differences could be partially explained by differences in plant density realization (averages 61.0% and 67.1%, for the low and high-yielding group, respectively). On the other side, lower differences for grain moistures at harvest for the lower and the higher-yielding group were found (averages 28.1% and 26.7%). Table 2 ). With that regard, the most unfavorable leaf-Mg status was found in Mginefficient B4 and B5 genotypes (2-year averages 1.35 g Mg kg -1 and 1.99 g Mg kg -1 ), particularly B4 in 2006 (0.96 g Mg kg -1 ). The most favorable leaf-Mg status was found in B1 and B2 (2-year averages 3.09 g Mg kg -1 and 2.97 g Mg kg -1 , respectively). Based on these findings, our recommendation is avoidance of growing seed-maize crops including K-inefficient and Mginefficient parents under soil conditions characterizing moderate / low levels of either K or Mg nutrients. Potassium fixation and oversupply of magnesium are the main reasons for the appearance of potassium deficiency symptoms in maize plants, especially inbred lines, when grown on some drained gleysols of Eastern Croatia (KOVAČEVIĆ et al., 2002) . Six inbred lines of maize were grown under these stress conditions. According to authors, grain yields ranged from 0.73 to 1.85 t ha -1 , stalk lodging incidences from 3% to 51%, while ear-leaf composition ranged as follows (mg 100 g -1 on dry matter basis): from 414 to 621 (K), from 951 to 1458 (Mg) and from 751 to 1335 (Ca). Growing these genotypes on plot fertilized with ameliorative dose of KCl in amount 3250 K2O ha -1 resulted by considerable improvement of mentioned properties as follows: from 1.97 to 3.42 t ha -1 (yield), from 3 to 24 % (lodging), from 1074 to 1907 (K), from 442 to 1049 (Mg) and from 659 to 1203 (Ca). The higher lodging tolerance under K-deficiency conditions was mainly in close connection with the higher leaf-K status. Also, according by the other studies considerable impact of hereditary factors on K efficiency in maize was found. MINJIAN et al. (2007) tested under hydroponic conditions two inbred lines of maize and four levels of K concentrations were applied. Under K-deficient conditions K-inefficient genotype absorbed 0.62% K in shoot and 0.68% K in root, while K status in K-efficient genotype were 0.93% K in shoot and 1.21% K in root. AHMAD et al. (2012) tested three maize hybrids under field conditions and increased rates of K fertilization. Hybrid Pioneer 30D55 had significantly higher K-efficiency compared to Pioneer 3012.
RASTIJA (2006) investigated impacts of soil, weather conditions and genotype on status of P and K in leaves and grain of maize. Total 17 maize genotypes were tested under two soils of low fertility (neutral soil characterized by low K supplies and acid soil of low P supplies) during two growing seasons. The parent Os438-95 was more tolerant under K-deficient conditions, while the hybrid OsSK552 was more tolerant to acid soil and low P conditions. Variability among the genotypes (averages for two soils and two growing seasons: mg kg -1 in dry matter) were in range from 3.0 to 4.7 (P) and from 2.6 to 3.1 (P), from 15.4 to 19.0 (K) and from 3.2 to 04.1 (K), for leaves and grain, respectively. In our study, quantities ranges of variations among genotypes were similar, with exception the lower contents of K in leaves compared to RASTIJA (2006) .
Very strong correlation (r) in maize grain mineral composition between two growing seasons (0.97***, 0.97*** and 0.91*** for K, Ca and Mg) are indication of very high hereditary effects (Table 4) , while nutritional status of P was more under agroecological impact (nonsignificant correlation 0.43). In our study, grain yield was in negative correlation with leaf-P and grain-P (-0.47*) and in positive correlation with leaf-Ca (0.50*). Also, significant correlations were found between grain-P and grain-K (0.55*), grain-Ca (0.49*) and grain-Mg (0.86***), grain-Ca and grain-Mg (0.54*). However, regarding mineral composition of leaves, only leaf-Ca and leaf-P had significant correlation (-0.46*). Levels of significance: ns -not significant; * P<0.05; ** P<0.01; *** P<0.001; L = leaves, G = grain CONCLUSION In our study, considerable variations of P, K, Ca and Mg among tested maize genotypes were found. With that regards, agreement of results or very high correlations between two years of testing were found for K, Ca and Mg, while the low and non-significant correlation for P is indication of the higher environmental impact. Leaf-K status was bellow adequate range in four K-inefficient genotype while leaf-Mg was mainly close to adequate minimal value or below adequate limit. Our recommendation is avoidance of growing seed-maize crops including K-and Mg-inefficient parents under soil conditions characterizing moderate/low levels of either K or Mg nutrients. As significant but moderate negative correlations were found between grain yield and P status both in leaves and grain, as well positive correlation between leaf-Ca, there is indication that under tested soil conditions are something more favorable genotypes characterized by the lower P and the higher Ca contents. However, for reliable conclusions are needed additional investigations because in our study yields were considerably more under impacts of the other factors, for example length of the growing season, particularly under drought stress conditions of the 2007 which was especially unfavorable for genotypes of the higher FAO groups (B7, B8 and B9). 
